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PART I. 
REVIEW OF TEE CHEMICAL EVIDENCE BEARING 
ON 
TEE STRUCTURE OF MANNITOL. 
s. 
REVIEVJ IDF THE CHEMICAL EVIDENCE BEARING 
ON 
THE STRUCTURE OF MANNITOL. 
The existence of the active polyhydric alcohols 
in nature and the fact that, in certain stages of plant 
life, they are found replacing the more commonly occur-
ring glucose, has led workers in the carbohydrate field 
to examine these compounds and their derivatives,with a 
view to finding wherein they differ from or conform to 
the typical sugar structure, and to ascertain their rel-
ationship to the latter type of compound. Hitherto such 
work has been largely confined to an estimation of the 
hydroxyl content of the molecule, to a study of the op-
tical activity, and to their synthetic production from 
known sugars by reduction. From such researches,the 
accepted constitution and configuration of these alcohols 
have been largely deduced. 
A survey of the literature seems to leave 
little doubt that one may safely aesign to mannitol a 
normal hexahydric structure, for numerous reactions pro-
vide products where all six hydroxyl groups of the parent 
alcohol have been replaced by substituent groups. One 
can record a whole series of these derivatiYes, prepared 
for the most part in standard reactions by reliable auth-
orities, and all of which are well defined cryetalline 
9. 
compounds showing sharp melting points. 
These are:-
10. 
* Mannitol hexa-acetate - Schutzenberger, Anna1en, 160,94. 
Mannitol hexa-chlorohydrin - M.ourguee, Compt.rend. 1890, 
{111, 111 Mannitol hexa-nitrate - Sobrero, Annalen,64,397. ---
Mannitol hexa-sulphuric acid- Claeseon, J.pr.Chem., {2),20,1~ 
Mannitol hexa-benzoate - Stohmann, Rodatz, Herzberg, J.pr. 
Chem. {2), ££, 354. 
Mannitol triacetone - Fischer, Ber., 1895, g_g, 1167. 
Mannitol triforma1- Schu1z & To11ens, Ber., 1894, 27, 1892. 
Mannitol tribenza1 - Meunier, Compt.rend. 1888, 106, 1425,1732 
Dichlorotetranitromannitol - Bouchardat, Compt.rend. 1873, 
1§_, 1550. 
Dibrornotetranitromannitol - Bouchardat, Anna1es de Chim. 8: 
Mannitol hexaphenylurethan -
Mannitol hexaphenylcarbamate 
Phys. 1875, { 5), 6, 100. 
} 
Maquenne & Goodwin, C ompt. 
- rend. 1904, 138, 633. 
Moreover, the value for the magnetic rotation of mann-
itol has been shown to fall on a smooth curve with that 
of mono-, di-, tri-, tetra-, and penta-hydric alcohols 
( Perkin, Trane.Chem.Soc., 1902, 81, 179 ) which· seems 
good physical evidence that the alcohol is hexahydric. 
Fuether, such 
* See also Bouchardat, Annales de Chim. & Phys. (5), 6, 107. 
and Franchimont, Ber•, 1879, 12, 2059. 
evidence as the oxidation of mannitol to mannosaccharic 
acid, and the action of hydriodic acid to give second-
ary hexyl iodide,would seem to justify the conclusion 
that the molecule is terminated syw~etrically by two 
primary alcoholic groups. In addition, biological evid-
enme in support of that afforded by chemical methods is 
to hand, for Hardeh ( J.Chem.Soc., 1901, 79, 610) finds 
that the action of a specific bacillus is to produce 
twice as much alcohol from mannitol as from glucose, a 
difference which is attributed to the existence of the 
group CH20H·CHOH· two times in mannitol as contrasted 
with once in glucose. 
A closer scrutiny, however, brings to light a 
number of unexpected irregularities in the properties nf 
these alcohols. It has been stated that many definite 
hexa-derivatives of mannitol have been isolated, but it 
is remarkable that many experiments,which had as their 
object the preparation of these hexa-derivatives, yield-
ed penta-derivatives, fer the most part in better yield 
and under lees severe conditions. The following examples 
may be quoted in support of this statement:-
d. 
11. 
Mannitol pentanitrate - Tichanowitech, Jap.r._fhem. 1864-, 582. 
Mannitol penta-benzoate - Skraup, Honateh. 1889, 10, 389. 
Mannitol pentaphenyl urethan- Tesemer, Ber., 1885, 18, 968. 
One outstanding example is worthy or special mention. 
Mourgues ( loc.cit.), in a research in which he heated 
300 grams or mannitol ( 1 mol.) with 7 mole. of phos-
phorus pentachloride,emphasises the great resistance 
of the compound to chlorination, and the extreme diff-
iculty with which he obtained the hexa-chlorohydrin, re-
cording a yield of only 0.1 per cent ( 1 - 1.5 grams ). 
There is no doubt, however, that an excellent 
test case is provided in the preparation of alkylated 
derivatives of mannitol, and although it will be necess-
ary subsequently to refer to this work in greater detail, 
it may now be mentioned that a number of striking results 
have been contributed in recent years by Irvine and 
Paterson ( Trans. Chem. Soc. 1914, 105, 915 ). In num-
erous attempts to prepare a hexa-methyl mannitol or a 
tetramethyl diethyl mannitol, they were confronted with 
a consistent resistance to complete substitution and 
found that the maximum number or hydroxyl groups which 
could be replaced was five. 
The ~eaction, as carried out by these workers, 
was the standard one of heating either of the two known 
tetramethyl mannitols with the appropriate alkyl halide 
in presence of silver oxide, and in the course of a res-
.earch carried out in this laboratory by a fellow worker 
and still unpublished, the above result has been corro-
12. 
borated. The investigation in question was on alkyl-
ation by the agency of methyl sulphate in alkaline 
solution, and a large number or experiments were per-
formed on mannitol under conditions which were varied, 
not only as regards temperature and duration, but also 
the proportion of reacting materials. In no instance was 
a fully methylated mannitol forthcoming, whereas the 
penta-derivati~ve was always produced in good'yield. 
Further, the pentamethyl mannitol so isolated did not 
react with phosphorus pentabromide, and when subjected 
to drastic treatment with an acetic acid solution of 
hydrogen bromide, the whole of the methyl groups were 
swept out,and the resulting product was a symmetrical 
dibromotetraoetyl mannitol. 
These results are significant, and the question whether 
the 
the terminal groups intmannitol molecule are identical 
or different is at once raised. It may be urged that 
no special significance need be attached to the indiv-
idual reactions of any one hydroxyl group in a polyhydric 
13. 
14. 
compound, but a closer scrutiny of the problem reveals 
its importance. For example, the union of monosacchar-
ides to give disaccharides, or in turn, of disaccharides 
to give polysah.hharides may be viewed broadly as conden-
sations involving specific hydroxyl groups in the con-
stituent molecules. This at once points to the desir-
ability of studying the special properties of each hyd-
roxyl group in a chain. In other words, critical research 
should be directed to the consideration of partially sub-
Atituted sugars and alcohols. 
It is only to be expected that,in a reducing 
sugar or a gluooside,the constituent hydroxyl groups 
should vary in character, but in the general case of 
polyhydric alcohols, and in the particular case of a 
symmetrical molecule such as mannit·ol, the suggest ion 
that the terminal primary CH20H groups should differ 
widely in reactive powers must seem surprising. In add-
ition to the evidence already submitted, fuller refer-
ence must, at this stage, be made to the two publications 
by Irvine and Paterson ( loc.cit. and ibid. 898.) which 
bear on this point,and have led up to the present res-
earch. No more than an outline of the work need be given 
here as the closely-sustained reasoning can be fully 
appreciated only by a study of the original papers. 
15. 
The problem in hand was the condensation of 
mannitol with acetone, and as a preliminary to further 
work,these acetone derivatives were carerully investig-
ated. Applying the principle of graded hydrolysis to 
mannitol triacetone, it was found that mannitol di-
acetone was first obtaine~, followed by the monoacetone-
compound, and finally by mannitol itself,so that the 
acetone groups were eliminated one by one, and not two 
together followed by one as had been predicted. Hitherto, 
the conventional representation of the configuration of 
mannitol had been ae a symmetrical molecule,in which 
the terminal CH20H groups were capable of free rotation 
giving:-
H2r·OH H2C·OH HO•CH2 
' HO·O·H HO·C·H HO·C·H 
i 
HO·C·H HO·C·H ·HO· C • H 
or or 
H·C·OH H·C•OH H·Q·OH 
j 
H·C·OH H·C·OH H·C·OH 
i 
-' 
HO·CH2 H20• 0H H C·OH 2 
Apparently, in terms of the above structure, two out of 
the three acetone residues in mannitol triacetone would 
be identical, as each is couple~ to one primaey and one 
secondary alcoholic group,ing, whereas the intermediate 
residue is linked to two secondary alcoholic groups and 
form~ moreover, a trans-linking. 
16. 
According, then, as one or other of the two types is less 
stable, a symmetrical diacetone or a monoacetone might be 
formed on graded hydrolysis. Formulae indicating the two 
possible routes of the hydrolysis are given below: 
' HOCH 
qH20H 
' HOCH 
Symmetrical 
Diacetone 
! 
9 q:a: .. Symmetrical 
---..--0 ( J.i1e) 2 Monoacet one 
HC-0---1 
i 
HCOH 
i CH...., OH 
;:::;. 
Further, in the event of a mannitol diacetone being 
formed as the initial hydrolytic product, this com-
pound,owing to its symmetrical structure,ought to 
lose both acetone residues simultaneously on fu~ther 
hydrolysis. 
~OCH2 (Me) 2c(. I OCH 
I 
HOCH 
! In one stage, HCOH ------~----:>· 
I 
HCO~ 
I '::;.c (Me) 2 CH2 o_.... 
9H20H 
I 
CHOH 
I 
CHOH 
I 
CHOH 
I 
CHOH 
l 
J 
CH20H 
As stated, this. expectation was not realised} 
and it was consequently necessary to subject each of 
the " mannitol acetones " to a constitutional study. 
They were accordingly methylated and the ketonic res-
idues thereafter removed by hydrolysis, with the follow-
ing results. Mannitol triacetone naturally remained un-
affected by methylation, and mannitol was regenerated 
by the subsequent hydrolysis. Mannitol diacetone p:ave 
ultimately a dimethyl mannitol, and mannitol mono-
acetone a tetramethyl mannitol. The constitution ass-
igned respectively to the tetramethyl and dimethyl 
mannitols are as sho~~ below 
Tetramethyl mannitol Dimethyl mannitol 
CH0 0H I G 
CHOH 
I 
' CHOH 
I 
CHOH 
l 
CHOOH3 I 
OH OCR 2 3 
17. 
from which it f'ollovrs that the parent compounds must 
be represented by 
Mannitol monoacetone Mannitol diacetone 
CH2o, _ 
CHO--C(Me)2 
CHO "--
CH0_..-~0 (Me) 2 
(n-IOH 
I 
CH20E 
-x-The dimethyl mannitol and tetramethyl mannitol 
obtained as above were both easily converted into a 
pentamethyl derivative but, on attempting to complete 
the alkylation, the sixth position remained resistent. 
-!:· 
In order to simplify ref'erence to such derivatives 
in the course of' the subsequent discussion, the pos-
itions of the hydroxyl groups have been indexed by 
numbers bep;inning :f'rorn the position which displays 
steric hindrance .to methylation thus: 
(4) 
(5) 
l 
R--C-OH (1) 
l 
R-C-OH (2) 
i 
H-O-OH (3) 
I 
OH-C---H 
I 
OH-O-H 
I 
H-C ·--OH ( 6) 
j 
18. 
so that the dimethyl mannitol ref'erred to will hence-
forth be described as 5,6- dimethyl mannitol. 
Not only so, but the particular group incapable or 
further substitution was proved to be the terminal 
CH20H group. Consequently, the assumption that the 
primary alcoholic groups in mannitol are capable or 
free rotation is inadmissible, and the only alternative 
is that they can be locked in one position whereby the 
sym."lletry of the molecule is destroyed, three hydroxyl 
groups being thus attached to adjacent carbon atoms, 
and lying on the same side or the plane of the carbon 
chain. There are many examples throughout the liter-
ature where replacement or three hydroxyl groups so 
situated by methoxyl cannot be effected, and the pres-
ent instance is one of the most striking. Hence, the 
explanation advanced to account f'or the steric hind-
rance is reasonable and justifiable, and there ceems 
no doubt that the mannitol molecule has an unsymmetrical 
structure. 
19. 
It has been shown that this resistance to sub-
stitution is not restricted to the j_ntroduct ion of methyl 
groups, but the possibility is still open that it may be 
due to the, methyl groups already in the molecule, and 
that steric hindrance would no longer be encountered in 
attempts to introduce methyl groups into a molecule in 
which positions 3,4,5, and 6 are substituted by reeidues 
other than methyl groups. Further, the dimethyl mannitol 
described by Irvine and Paterson has ~ the methyl groups 
20. 
in the 5,6, positions, and there seems no good reason 
why substitution should not be commenced from the other 
end of the molecule. Thus, a dimethyl derivative should 
be obtainable,in which the methyl groups occupy positions 
1 and 2, and such a compound would be identical or iso-
meric with the 5,6-dimethyl mannitol already described, 
according as the two ends of the mannitol chain are the 
same or di~ferent. 
A scheme to test these ideas was accordingly 
devised omj1the following lines. Mannitol monoacetone, 
prepared by the graded hydrolysis of mannitol triacetone 
as indicated by Irvine and Paterson ( lee. cit.) was 
converted into the tetrabenzoyl derivative according tn 
Fischer's method ( Ber., 1915, 48, 266 ),and pure tetra-
benzoyl mannitol monoacetone was thus obtained. The 
ketonic residue was thereafter removed by hydrolysis, 
with the ultimate formation of tetrabenzoyl mannitol 
in a pure state. The reactions involved are represented 
as under:-
CH2o, 
6Ho-·-C(Me)2 
i 
CHOH 
I ~ 
CHOH 
I 
9HOH 
CH2 0H 
Mannitol Tetrabenzo:{J:. 
monoacetone mannitol monoacetone 
CH20H 
CHOH 
CHOBz 
i 
CHOBz 
l 
CHOBz 
l 
CH20Bz 
Tetra benzoyl 
mannitol 
21. 
Inspect ion of the struc-tural scheme above, will show 
that tetrabenzoyl mannitol is an excellent test sub-
stance f0r the particular enquiry in hand. Noy only 
are the substituent groups already present other than 
methyl groups but, in addition, the only unsubstituted 
positions are Nos 1 and 2. In the event of normal methyl-
ation being possible in these positions, the 1,2-di-
methyl mannitol obtainable on removal of the benzoyl 
groups would conform to the conditions already laid 
down. Unfortunately the desired result was not forth-
coming for,on this occasion also,steric hindrance was 
encountered, and the product of the reaction with methyl 
iodide and silver oxide was a tetrabenzoyl IDQ!lQmethyl 
mannitol. Repeated treatment vdth the reagents named 
failed entirely to introduce a second methyl group, 
and the conclusion that the two ends of the mannitol 
molecule are not identical is thus strongly supported. 
In o::·der to provide a diagrammatic survey of 
the reactions contemplated, the following structural 
scheme is appended: 
. H2~H 
CHOH I 
HOH 
CHOH 
I CBOH 
CH20H 
DIAGRAM 
CH 0 
I - C( e)2 
CHO -
bHo 
I ... c (Me) 2 
7) ?HO 
CBOH 
bn2on 
(Me) 2 
. , 
OF REACT IONE DESIGNED TO. PR ioDUCE THE TWO ISOMER IC DIMETHYL MANNITOLS. 
CH 0 
......- C (Me) 2 9 0 
CBO 
__ _,) ono- ... c { M.e) 2 
I 
CHOMe 
H2 0Me 
CH2o I ---C( Me) 2 CHO 
I CHOBz 
6noBz 
I 
CHOBz 
I CH20Bz 
(5) HOMe 
I (6) CH20Me 
5,6-dimethyl mannitol 
CH20H H20Me 
CHOH CHOMe 
I 
CHOBz CHOBz 
> I CHOBz CHOBz 
I' bHOBz CHOBz 
J I CH20Bz CB20Bz 
22 • 
{1) CE20Me I (2) CHOMe 
I 
CHOH 
I CHOH 
I CBOH 
I CH20B 
1 22-dimethxl mannitol 
There is, however, one criticism of this view 
which may be of'fered viz: that the results on which 
the deduction is based r that the primary alcohol groups 
are -
in mannitol;, different:, are· for the most part negative. 
In research of this kind, it is obvious that no fur-
ther progress can be made on these lines, and another 
mode of attacking the problem must be sought. 
23. 
The value of physical methods in testing 
chemical evidence is only now finding ef:fect ive a pp lie-
ation in organic chemistry, and new experimental methods 
in this field are unfortunately limited in number and 
of recent development. That physical examination is in 
many vrays preferable is undoubted. The changes involved 
in chemical reactions are very subtle, and specially so 
in the case of' optically active substances. There is no 
guarantee that the const it ut ion of a starting substance 
may be taken as a clue to that of the end product, and 
a critical reac"tion is frequently involved Vlhich may 
open up the possibility of optical inversion with form-
ation of a stereoisomeride. It is only reasonable, then' 
to seek corroboration of results which have been obtain-
ed from chemical evidence alone • 
PART II. 
APPLICATION OF THE CONDUCTIVITY METHOD 
TO 
THE STRUCTURE OF MANNITOL AND OF ITS DERIVATIVES. 
24. 
APPLICATION OF THE CONDUCTIVI'I'Y METHOD 
TO 
THE STRUCTURE OF MANIH'l'OL AND OF ITS DbRTVATIVES. 
For many years the only physical tests which 
have found i':ide application in investigations on sugars 
and related compounds ha ye been the determination of 
optical rotations, or refractive indices, and of solu-
bilitiee, but recently a new general principle has been 
introduced by Professor Boeseken of Delft. -Ae The prin-
-und 
ciple involved is novel'.\ an account may be given or the 
25. 
history of its development. As is well known, it has long 
been a practice when titrating boric acid to add a little 
mannitol or glycerol, as, without this addition, the 
titration is notoriously unreliable. On the other hand, 
in the presence of mannitol it is possible to titrate 
the acid as fully ionised. Another unexplained practice 
in analytical work was that of adding borax to solutions 
of substances of' doubtful activity, in order to magnify 
the rotaticn and thus decide definitely as to vrhether 
the substance under examination was active or not· 
Correlating these factors, Boeseken estimated the con-
ductivity and optical .effects of adding boric acid to 
a large number of hydroxy-compounds, and arrived at 
the generalisation that " polyhydroxy-compounds react 
with boric acid in solution~only when hydroxyl groups 
are on adjacent carbon atoms, and fall on the same side 
of the plane. " Thus, the system -6---0H would com-
-9-0H 
bine with boric acid, but the opposed configuration 
I 
~--OH would give no reaction. 
i 
OH-C--
1 
If then, the polyhydroxy-compound is optically active, 
it is possible under the conditions stated to obtv.in 
exaltation of' rotation in presence of boric acid, and 
concurrently,a corresponding change in the magnitude 
of the electrical conductivity of the solutions. The 
generalis at ion seems sound, and Boeselcen has published 
a steady series of papers where his results are uni-
formly consistent and of wide application, not by any 
means confined to sugar derivatives. 
In the light of the present discussion, the 
problem resolves itself into an examination of the 
effects on rotation and conductivity,of adding boric 
' 
acid to specific derivatives of mannitol, in which the 
hydroxyl groups exposed for reaction are occupyi~f 
known positions in the chain. Such a study ought not 
only to ~~row some light on the comparative reactivity 
26. 
of the tv;o ends of' the mannitol molecule, but also 
yield information as to which part of' the molecule 
is mainly responsible f'or the change in the physi-
cal values. The methyl derivatives, although dif'f-
icult of access, are def'initely characterised,and 
accordingly were selected f'or this purpose along with 
the parent compounds, mannitol monoacetone and man-
nitol diacetone. 'l'he experimental methods f'ollowed 
were closely akin to those described by Bo~seken, 
and in order that the present-results might be just-
ifiably compared with his,.a control standard was 
maintained throughout,which would ensure that the 
degree of' accuracy of' the determinations was similar. 
In each case, a known weight of' the substance 
to be examined was dissolved in (a) water, and (b) N/2 
boric acid solution. Thereaf'ter, in parallel experi-
ments, a series of' conductivity measurements was made 
in which the concentration of' the compound was hal,red, 
in each succeeding determination, by the add it ion of' 
an equal volume of' water and N/2 boric acid solution 
respectively. That correlation of' the va;r~ results 
might be poesible, theyFe-s-u-1-t.£ have been expressed 
under various headings thus:-
Columns I and II give the observed values for 
the conductivity in water and N/2 boric acid solution. 
27. 
Column III indicates the magnitude o~ the change for 
each concentration, while in Column IV these figures 
are corrected :for the conductivity of' the boric acid 
used as solvent. A comparable f'aotor is then found in 
the ratio of the two series o:r determinat ions, and 
these are given in Column V. Moreover, the changes 
have been recorded in the form of graphs, in which 
abscissa and ordinate represent concentration and mag-
nitude of conductivity respectively; while, ~or each 
compound examined, two curves A and B are given, A 
being the conducti':.rity in water, B that in N/2 boric 
acid solution. 
Bef'ore embarking on the main research,howe~rer, 
one precaution had to be taken. It was necessary to 
justify the use of' methylated derivatives in such work, 
and to show that the presence of' the methyl group did 
not affect the reactions involved. Not only so, but it 
seemed deeirable to examine the case of a simpler hyd-
ro:xy-derivat ive than is afforded by the mannitol series, 
as, of necessity, special attention will be focussed on 
the behaviour of' hydroxyl groups in the terminal posit-
ions. A suitable test substance for the purpose was· ob-
tainable in glycerol o( -methyl ether, where two hydroxyl 
Positions are exposed to reaction, while the third is 
substituted by a methoxyl group: 
28. 
CONDUCTIVITY OF GLYCEROL o(_ METHYL ETHER. 
I. II. Ill. IV. v. 
Kx106 
Kx106 in N/2· Factor. 
Concentration. in water. boric acid. Difference. Exaltation. 1--;-II. 
N/2 116·4 75·5 -40·9 -70·2 1·54 
N/4 83·4 59·3 -24·1 -53·4 1·41 
N/8 57·3 47·1 -10·2 -39·5 1·22 
Nf16 41·8 40·9 - 0·9 -30·2 1·02 
A study o:f the figures atld curve shows that the add-
ition of boric acid to this compound diminishes the 
conductivity appreciably_,and that therefore the boric 
acid eeems to react to some extent. That the effect is 
a diminution which decreases with reduction of the con-
centration is noteworthy,as is also the fact that the 
ratios given in Column V are small numbers. The results 
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fall into line with those obtained by Boeseken him-
self for glycols, and in accordance with the views 
held by him, the configuration of glycerol o( -methyl 
ether is as represented below 
H 
! ) 
H ·-C-OR 
OH-C--H 
I 
H-C-···OCH3 I 
H 
that is to say - the hydroxyl groups are repelled 
from one another and lie on opposite sides of the 
carbon chain. Apparently then, the presence of methyl 
groups does not vitie.te the reaction with boric acid, 
and further investigation on the lines sugrested was 
justified. 
ObviouPly,a f'undamental point in such work 
a 
is the discrimination between a positive and;:negative 
result, and mannitol and pentamethyl mannitol were 
selected as test substances which would indiEJputably 
provide the requisite types. In the former.six hydrox11 
groups are exposed, any two of which may react, in con-
trast to the latter where only one hydroxyl position is 
unsubstituted,and the possibility of reaction is thus 
excluded. 
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CONDUCTIVITY OF MANNITOL. 
I. 
Kx 10• 
Concentration. in water, 
N 92·9 
N/2 61·6 
Nf4 36·9 
N/8 22·4 
Nf16 15·0 
N/32 ll·O 
yH20H 
CHOH 
I CHOH 
I 
CHOH 
I 
CHOH 
I 
CH20H 
II. 
Kx1o• 
in N/2-
III. 
boric acid. Difference. 
1078 985·1 
704·2 642·6 
407·5 370·6 
223·3 200·9 
123·7 108·7 
73·6 62·6 
IV. 
Exaltation. 
+955·8 
613·3 
341·3 
171·6 
79·4 
33·3 
soor--------------------------------------, 
boo 
..!l · 4oo 
0 
'J!.oo 
t!. 4 8 
Co"c<2N'"ca.llon. 
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V. 
Factor. 
II-;- I. 
11·6 
11·4 
11·0 
9·9 
8·2 
6·7 
The increase in conductivity is great, diminishing 
with decrease in concentration, and the factors 
Column V ) are large, a fact which at once presents 
a sharp contrast to the case of pentamethyl mannitol~ 
where the effect of the boric acid is slight. 
CONDUCTIVITY OF PENTAMETHYL 1iANNITOL. 
I. 
Kx106 
Concentration. in water. 
N/2 44·2 
N/4 30·1 
N/8 20·5 
N/16 15·2 
N/32 14·0 
CH20H 
CHOCH3 
CHOCH3 
yHOCH3 
CHOOH3 
CH2 0CH3 
II. 
Kx 106 
in N/2-
boric acid. 
54·2 
43·2 
37·1 
32·7 
30·6 
Ill. IV. 
Difference. Exaltation. 
10·0 -19·3 
13·1 -16·2 
16·6 -12·7 
17·5 -ll·8 
16·6 -12·7 
ioor-----------------------------------, 
B 
0 A 
N ~ 
~2 lb 
!i 
4 
C.onc«.ntl"c.Jion. 
V. 
Fact 
1·! 
1" 
1·:_ 
2·1 
2·2 
32. 
Here the values increase with dilution,and the factor 
is a small number. 
The two cases present definite features which 
may be used as standards, and alongside of which sub-
sequent results may be ranged. 
Following on the above, confirmation of Boes-
" eken's deduction that only hydroxyl groups attached 
" to adjacent carbon atoms can react, is readily obtain-
able from a study of this reaction,when applied to two 
isomeric tetramethyl mannitols viz: the 2,3,5,6- der-
ivative and the 3,4,5,6- derivative. In the former, 
the unsubstituted positions are two places removed 
from one another, whereas in the latter,two hydroxyl 
groups are presented together in positions 1 and 2. 
CONDUCTIVITY OF 2,3,5,6- TETRAM.ETHYL MANNITOL. 
I. 
Kx 106 
Concentration. in water. 
N/4 110·7 
Nj'/3 75·8 
Nj16 48·6 
N/32 30·8 
CH00H 
I fCJ 
9HOCH3 
yHOCH3 
CHOH 
yHOCH3 
CH20CH3 
II. 
Kx 106 
in Nj2-
boric acid. 
120·0 
86·2 
60·4 
45·4 
Ill. IV. V. 
Difference. Exaltation. Factor. 
9·3 -20·0 1·08 
10·4 -18·9 1·14 
11·8 -17·5 1·24 
14·6 -14·7 1·47 
33. 
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In this case it will be seen that the result is typ-
ically negative. The conductbrity change is small, 
it decreases with decreasing concentration and, above 
all, the ractor is small. 
CONDUCTIVITY OF 3,4 ,5 ,6- TETRAMETHYL MANlHTOL. 
I. 
Kx 106 
Concentration. in water. 
N/2 86·9 
N/4 64·7 
N/8 42·8 
N/16 27·3 
Nf32 19·6 
CHoOH 
: "' I 
9HOH 
OHOCH3 
OHOOlh 
. <.) 
' CH2 00H3 
n. Ill. 
Kx 106 
in N/2-
boric acid. Difference. 
682·0 595·1 
410·6 345·9 
229·6 186·8 
126·9 99·6 
73·1 53·5 
IV. v. 
Exaltation. Factor. 
+565·8 7·8 
316·6 6·3 
157·5 5·4 
70·3 4·6 
24·2 3·7 
34. 
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Here the reverse holds true. With this isomeride the 
conductivity shows a great increase, and the factor 
is a large number - clear proof that reaction with 
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the boric acid has taken place, and substantial evid-
ence that this is only so when hydroxyl groups are on 
neighbouring carbon atoms. A further interesting obser-
vation comes to light from a study of the curves. Those 
representing the changes ~n the case of 3,4,5,6- tetra-
methyl mannitol fall on the same points as those of man-
nitol itself for the same dilutions, showing that two 
hydroxyl groups exert the same influence as when all 
si~ are exposed, that is to say: an equal effect is pro-
duced by hydroxyl groups 1 and 2,and by 1,2,3,4,5, and 6. 
This is a highly unexpected and significant result, and 
it may be mentioned at this stage that Bofiseken himself 
assumes its application in the striking paper ( Ber., 
1913 46 2612.) in which he allocates definite config-
' _, 
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urations to '-X - and p -glucose. It therefore seem-
ed hi~hly important to examine cases where alternat-
ive pairs of hydroxyl ~roups were exposed for reaction, 
and for this purpose, the compounds mannitol diacetone, 
mannitol monoacetone, and 5,6- dimethyl mannitol were 
considered appropriate. Inspection of the formulae for 
these derivatives shows that in mannitol diacetone there 
are two unsubstituted positions viz: 5 and 6 ; in man-
nitol monoacetone there are four 3,4,5, and 6 ; and in 
dimethyl mannitol also four - 1,2,3, and 4. 
It may be remarked that,in the cases of both 
mannitol diacetone and mannitol monoacetone 1 the det-
erminations were limited to three concentrations 7 on 
account of the inconstancy of the readings, an irreg-
ularity due to the hydrolytic effect of the boric acid 
present. Control solutions were, however, kept under 
polarimetric observation, and conductivity measure-
ments were discontinued as soon as any change in spac-
ific rotation was apparent. 
CONDUCTIVITY OF MANNITOL DIACETONE. 
CHO,_, 
QHO-
', 
CHOH 
OH20H 
Conoentn.tion. 
Nf8. 
Nj16 
N/32 
1150 
.. ~, '100 
.. 
~ 
0. 
I. 
Kx10S 
in water. 
99-3 
8l).4 
80-3 
n. m. IV. 
Kx10S 
in N/2-
boric. acid. Difference. Exaltation. 
91·2 ~8·1 .;..:.'37·4 
84·7 ~0·7 
-30·0 
76·9 
-8·4 
-32·7 
COI\d.uetiVIty et Ma~mttol 
Dtaeetol\e . 
hqt 
V. 
·Factorr. 
1·08 
1·'01 
1·04 
Here the only pair of hydroxyl groups which could 
contribute to reaction with boric acid occupy pos-
itions 5 and e, but the result ie in every sense neg-
ative, and may be compared with that f'or glycerol ,:~...,_ -
methyl ether. The only reasonable conclusion is that 
these groups are opposed in space and lie on opposite 
sides of the carbon chain. 
CONDUCTIVITY OF l4ANNITOL MONOAOETONK~ 
yH20~ 
I .-C(Me) 2 OHO_-' 
j 
QHOH 
*HOH 
6HOH 
i OH20H 
37. 
I. II. III. IV. V. Kx 106 
J{x 106 in N/2-Concentration. in water. boric acid. Difference. Exaltation. Factor. N/4 88·6 99·5 10·9 
-18·4 1·12 N/8 66·8 71·4 4·6 
-24·7 1·07 Nj16 61·4 62·8 1·4 
-27·9 1·02 
..!) • lOO 
~ 
"' ~ 0 
.tl !1.. 
l!~ lb 
~x 
Ma""'rol Mol'l.oo cel"one 
flq 2. 
t 
C...Oncenl'ra.Yion.. 
Mannitol monoacetone reacts similarly to mannitol 
diacetone, no increase in conductivity being oc-
casioned on the addition of boric acid. The inclus-
ion of another pair of hydroxyl groups thus brings 
about no change, so that confirmation of the deduc-
tion that hydroxyl groups 1 and 2 are mainly respon-
sible for the reaction with boric acid is established. 
Lastly the case of 5,6-dimethyl mannitol 
falls to be considered. 
38. 
CONDUCTIVITY OF 5,6-DIMETHYL MANNITOL. 
I. 
Kx 106 
Concentration. in water. 
N/4 33·6 
N/8 21·8 
Nj16 15-4 
Nf32 11·3 
Soo 
9H20H I 
9HOH 
J 
CHOH 
1 
CHOH 
CHOMe 
I 
CH0 0Me IC:J 
II. 
K/106 -
in N/2-
HI. 
bork acid. Difference. 
405-9 372·3 
227·9 206·1 
127·7 112-3 
74·7 63·4 
o, b ,-1)i n-vzXh'/1 1"\o.l\1\ifol. 
boo 
B. 
~- 4-00 g 
~ 
~ 
2.00 
A. 
~ lll. Ji ~ 
52. 1(, s '1-
Cof\OZ.Y\Irotio". 
IV. V. 
Exaltation. Factor. 
+343-0 12-l 
176-8 10·4 
83·0 8·3 
34·1 6-6 
~ 
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The increase in conductivity is considerable and the 
factor is large, diminishing with increasing dilu-
tion, so that the result is typically positive,and 
falls into line with the cases of mannitol itself 
and 3,4,5,6-dimethyl mannitol. The parallel is even 
more strongly emphasised by a study of the curves 
representing the change. The magnitude of the exal-
tation is identical for all three compounds,from 
which it follows that hydroxyl groups in positions 
1,2,3, and 4 give the same reaction as when all six 
hydroxyl groups are free, and that the effect exerted 
by the hydroxyl groups in positions 5 and 6 is very 
small. 
Now the only pair of hydroxyl groups common 
to manni~ol, 3,4,5,6-tetramethyl mannitol and 5,6-di-
methyl mannitol is situated in positions No. 1 and 2, 
and tnese three cases are the only ones where a pos-
itive result was obtained, so that little doubt re-
mains that positions 1 and 2 are responsible for the 
change. Accepting Boeseken's generalisation, it fol-
lows that these hydroxyl groups are attached to adjac-
ent carbon atoms, and are on the same side of the plane 
of the carbon chain. 
Reviewing all the facts, it seems clear 
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that the two ends of the mannitol chain are not iden-
tical, that in positions 1 and 2 the hydroxyl groups 
are on the same side of the carbon plane whereas Nos. 
5 and 6 are opposed as in et.., -glycols. The configur-
ation based on the chemical evidence is thereby con-
firmed~and the structure of mannitol,so far as has 
been ascertained,is 
H 
I 
1 
HO-C-H 
j 
HO---C-H 
HO-C-H 
H-O--OH 
I 
H-O-OH 
I 
HO-O-R 
i 
H 
In concluding this section, it may be point-
ed out that, in the present· thesis, discussion has 
been limited to the application of Boeseken's prin-
ciples only so far as conductivity measurements are 
concerned. There still remains the supplementary as-
pect,that changes in conductivity on the addition of 
boric acid should be accompanied in_the case .of opt-
ically-active compounds by corresponding changes in 
specific rotation. 
The obvious extension of the present in-
41. 
veetigation thus indicated has not been overlooked, 
and the results obtained are discussed in a paper 
published in the Journal of the Chemical Society, 
but detailed reference is &mitted here,ae it can-
not be maintained that Boeseken'e claims are fully 
(,.{) 
Jueti:f'ied so far as optical activity ~e, concerned. 
On determining the speci:f'ic rotation o:r each of the 
compounds now under discussion in pure water and in 
N/2 boric acid solution, the qualitative generalis-
ation is con:f'irmed that the specific rotation o:r an 
active compound is exalted in the presence or boric 
acid only when the latter reagent promotes an increase 
in conductivity. The changes thus occasioned are, how-
ever, :frequently small,althOU8h widely different from 
those attributable to experimental error and this is 
shown in the following table in which some of' the 
results are given: 
Result of the [a]~o. 
conductivity [a]i,O in Nj2-
Compound. c. test. in water. boric acid. Difference. 
Mannitol ............... positive .. - 0·25° +28·3° +28·55° 
e(-Dimethyl mannitol N /4 positive. - 7·35 3·88 + 3·47 
-ylle(-Tetramethyl 
positive. -13·02 - 6·72 + 6·30 mannitol . .. .. . .. . N /8 
.B-ye(-Tetramethyl 
negative. +38·54* +40·64 + 2·10 mannitol .. .. . . .. . N /8 
+ 0·71 Pentamethyl mannitolN /2 negative. + 7·54 '+ 8·25 
negative. +30·61 +29·50 - 1·11 Mannitolmonoacetone N /4 0·61 Mannitoldiacetone . . . N /8 negative. +23·04 +22·43 -
42. 
Although it is possible to discriminate between a 
positive and negative result by the optical method, 
the distinction is by no means sharp and greater reli-
ance has there~ore to be attached to conductivit~ 
changes. This is not surprising in view of' the fact 
that a conductivity determination is a simple meas-
. 
urement of ionic concentration, while the complex 
factors which govern the magnitudes of' optical rot-
ations in non-homogeneous systems are still obscure 
and largely unknown. 
43. 
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PART III. 
EXPERIMENTAL. 
EXPERIMENTAL. 
Preparation o~ Tetrabenzoyl Mannitol 
Tetrabenzoyl mannitol monoacetone,prepared 
as described by Fischer,was hydrolysed,in accordance 
with the directions given by him ( loc.cit.), by means 
of glacial acetic acid and hydrochloric acid. The 
method undoubtedly gives a pure product,but is scarce-
ly practicable on the large scale, involving as it 
does large bulks o~ acid liquor, which require to be 
neutralised, and precipitation of the product as an 
emulsion which is not easy to extract. 
The constants and properties o~ the product 
agreed closely with those quoted by Fischer,with one 
outstanding exception. The value for the speci~io 
rotation in tetrachloroethane, as given by Fischer, 
varies between + 7.83 and 7.86, but, in the present 
work, the values ranged ~rom + 15.00 to 1.5.61. In 
order to ascert&in which value is correct, three 
separate preparations of tetrabenzoyl mannitol were 
undertaken. The material was crystallised from a 
variety of solvente
1
including ethyl alcohol, a mix-
ture of benzene and ligroin, and dry benzene, the 
last mentioned being that used by Fischer himself. 
In no case could any appreciable variation be de-
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tected, and the above value of' [~;/] 0 =+15.61 was 
confirmed mn each occasion. It is remarkable that 
this constant is exactly double that recorded by 
Fischer?and it is suggested that he may have been 
misled,in that the readings were taken in a 1 dcm. 
tube in place of' a 2 dcm. tube. 
Methylation of' Tetrabenzoyl L~annitol. 
Tetrabenzoyl mannitol { 1 mol. ) was dis-
solved in methyl iodide ( 15 mole. ) by boiling 
under a condenser, and. thereafter silver oxide ( 2-t, 
mols ) was gradually added. The alkylation was con-
tinued at the boiling point for eight hours, ether 
being used as the extracting agent. On removal of' 
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the solvent, a syrup remained, and this was subjected 
to a second methylation in which the same proportions 
of reagents were employed. The final product was a 
colourless syrup which failed to crystallise and 
could not be distilled. Wnen boiled with water, the 
syrup was converted into an amorphous solid, which 
was not deliquescent and couid be powdered in a 
mortar. In this condition it was further purified, 
by dissolving in a little dry ether and precipitating 
47. 
with dry petroleum ether. On rubbing, the precipi-
·tate solidit,ied to a white brittle amorphous powder~ 
This purification was repeated a second time, the 
compound thereafter dried for 10 days in a vacuum 
desiccator,and finally f'or 1 hour at llO"C,f'ollowed 
by 30 minq.tes at 120CC. 
Found: c = 68.35 H = 5.10 per cent. 
' 
0 35H32B1o requires c = 68.62 
' 
H = 5.23 per cent. 
Found: OMe = 4.87' 6.00. Mean = 5.43 per 
0 35H32°1o requires OMe = 5.06 per eent for one 
methoxyl group. 
Found: (C6H5CO) = 64.6 per cent. 
c 35H32o10 requires (C6H5Co) = 68.6 per cent f'or 
f'our benzoyl groups. 
The compound was thus regarded as tetrabenzoyl 
~methyl mannitol, and the various analytical results 
exclude entirely the possibility of a dimethyl deriv-
ative having been f'ormed. 
Repeated attempts were made to eliminate 
the benzoyl groups and thus obtain a monomethyl 
mannitol, but, as is frequently the case, hydrolysis 
proved to be imperf'ect . and exceedingly slow r·except 
when small quantities of material were employed, as 
for example, in the estimation of' the benzoyl content. 
cen 
Preparation of Test Substances reguired for the 
Determination of Conductivities. 
As the compounds .Prepared specially for the 
present research have~by this time,been described 
t fully in published papers, it is unnecessary to qate 
more than the methods employed in each preparation, 
particularly as no irregularities were encountered. 
Glycerol c( -methyl ether: 
Glycerol was condensed with acetone by the 
agency of hydrogen chloride, and glycerol acetone iso-
la.ted by f'ractionation. Therearter, by methylation with 
silver oxide and methyl iodide, monomethyl glycerol 
monoacetone was obtained" and from this glycerol cl~-
methyl ether by hydrolysis. 
Liquid:- b.p. llOc./ 13 mm., no 1.4432, n!6 1.1192. 
Mannitol triacetone: 
This compound was prepared exactly as des-
cribed by Fischer ( Ber., 1895, 28, 1167 ), the prep-
aration presenting no special difficulty. 
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Colourless needles :- m. p. 68"- 70' , ~!Jn in alcohol -!"·12. 
Mannitol diacetone: 
was obtained by the method devised by Irvine 
and Paterson ( loc.cit.),whereby mannitol triacetone 
is subjected to graded hydrolysis. The process is 
reliable but tedious. 
49. 
Colourless needles:- m.p. 37°- 39°, b.p. 172/11 mm. 
fS;iJ0 inalcohol + 15.7° 
Mannitol monoacetone: 
By extending the time over which mannitol 
triacetone is subJected to graded hydrolysis, the 
chief product is mannitol monoacetone which was iso-
' lated as described by Irvine and Paterson. 
Cclourless plates:- m. 'P• 85'"' 
[c{] 0 in alcohol + 23.2° 
5,6 - Dimethyl mannitol: 
By alkylation, mannitol diacetone was con-
verted into dimethyl mannitol diacetone ( b.p. 140/13 mm) 
and on careful hydrolysis the acetone groups were 
removed with the formation of dimethyl mannitol. 
Colourless needles:- m.p. 93 " 
[dJ0 in alcohol 8.85: 
3,4,5,6 - Tetramethyl mannitol: 
On subjecting mannitol monoacetone to re-
actions parallel with those indicated above, the pro-
duct finally obtained was tetramethyl mannitol, the 
constants for which agreed with those determined by 
Irvine and Paterson. 
Colourless liquid:- b.p. 167/13 mm. 
fc{l in alcohol e ~o 
2,3,5,6 - Tetramethyl mannitol: 
The preparation or this isomeride involved a 
tedious series of processes. 
Starting from vegetable ivory, the preparat.ion 
of crystalline mannose was undertaken by the method re-
cently described by Hudsonras, thanks to the courtesy 
of Dr Hudson, details of the process have been avail-
able in this laboratory for several years. 
The mannose ·was converted into o( -methyl-
mannoside by Fischer's method,and thereafter into 
tetramethyl methylmannoeide. On hydrolysis, tetra-
methyl mannose was obtained 1 and from this, by red-
uction, the desired form of tetramethyl mannitol was 
isolated. 
Colourless liquid:- b.p. 177/11 mm. 
rc£·L in alcohol + 39.s.·' ~~ ---u 
2,3,4,5,6 - Pehtamethyl mannitol: 
50. 
The particular method selected to produce the 
necessary pentamethyl mannitol was to methylate 3,4,5,6-
tetramethyl mannitol by the silver oxide reaction. 
Colourless liquid:-
!o[:' in alcohol ~ -" ,~, 
b.p. 142'l 12 mm. 
. 0 
-r 8.9. 
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Each of the compounds used as test-substances 
in the conductivity derivatives thus displayed the 
standard physical constants, and may be regarded as 
pure. 
It should also be mentioned that the boric 
acid required for the work was the purest obtainable7 
and was recrystallised several times before use. 
Before commencing the series of measurements which 
are embodied in t!1e t!leoret ical sect ion of the Thesis, 
it was a~eertained by means of blank experiments that 
the conditions employed permitted of a standard of 
accuracy at least equal to that adopted by Boeseken. 
The work novr described was commenced in April 1914 
and has been carried out in the.Chemical Research 
Laboratory of' the University of' St Andrews under 
the direction of' Prof'essor Irvine, f'or whose advice 
and help the author desires to express her gratef'ul 
acknowledgement. 
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